Abstract. Leptospirosis, a zoonotic disease, transmitted to human trough contact with contaminated animal urine and contaminated environment. Demak District is an endemic area where cases increased in the past 2 years. The aim of the study was to map environmental risk factor of Leptospirosis and to determine Leptospirosis vulnerable zone using cross-sectional study design. There were 42 cases mapped by GPS and overlaid using remote sensing (Quickbird image) by using ArcView program then interpreted by Spatial Feature and Spatial Analyses. Leptospirosis cases were spread out and grouped in Demak Sub District area. More cases were males (61.9%), 21-50 years old age group (59.3%) and farmers (40.4%). Spatial analyses showed that all the leptospirosis cases took place in the area with low plain <47 msl, rainfall ≥220 mm/month (64.7%), clay soil (100%), buffer river <50 m (71.4%), presence of rat (100%), wastewater disposal (100%), waste disposal facilities (97.7%), flood's profile (28.6%), tidal inundation's profile (7.1%), vegetation (59.5%). Leptospirosis high-risk zone was in 37,801.8 ha (41.32%), moderate risk zone was 43,570.23 ha (48.55%), and low-risk zone was 9,090.96 ha (10.13%). Densely populated housing, bad environment condition, and the presence of rat and puddles that were contaminated by rat's urine were risk factors of Leptospirosis cases in Demak District.
Introduction
Leptospirosis is a worldwide public health problem, especially in tropical and subtropical countries with high rainfall, and is also a major problem in temperate regions [1] . Leptospirosis, caused by pathogenic spirochetes belonging to the genus Leptospira, is a zoonosis that has important impacts on human and animal health worldwide [2] . Transmission to mammals occurs via direct contact with leptospirainfected urine or tissues or indirectly through contact with contaminated soil or water. Although infection may take place through unbroken skin after prolonged immersion, Leptospira sp usually gain entry to the host via abrasions or cuts in the skin or through exposed mucosae (eyes, nose, etc.). Incidence is seasonal, peaking in summer and fall in temperate climates and during the rainy season in tropical areas, mirroring the ability of the bacteria to survive in the external environment. Soil [3] , [4] , mud [5] , and surface waters contaminated with urine from chronically-infected reservoir hosts remain important sources of human leptospirosis transmission worldwide [6] - [8] .
The incidence of Leptospirosis in subtropical countries is in the range of 0.1-1 incidence per 100,000 population per year, whereas in tropical countries it ranges from 10-100 incidence per 100,000 population per year [1] . Indonesia as a tropical country becomes one of them. The International Leptospirosis Society states that Indonesia is one of the tropical countries with relatively high leptospirosis death cases, ranging from 2.5%-16.45% or an average of 7.1% and is ranked third in the world. Leptospirosis cases in Indonesia in 2012 among 239 patients, 29 people died (CFR 12.13%), in 2013 there are an increasing number of Leptospirosis cases with 640 patients, 60 people died (CFR 9.38%). Leptospirosis cases in 2014 slightly decreased by 519 patients, 61 people died (CFR 11.75%) [1], [8] .
Demak District is one of the endemic areas of Leptospirosis in Central Java Province with a mortality rate of Leptospirosis exceeding the national average (7.1%). According to Health Office of Demak District in 2015, there are 13 patients of Leptospirosis cases and 2 people died in 2012 (CFR 15.3%). In 2013, there are 17 patients of Leptospirosis cases and 2 people died (CFR 11.7%), in 2014 it's increased by 30 patients and 5 people died (CFR 16.6%), and in 2015 there are 12 patients and 1 person died (8.3%).
The occurrence of infectious diseases is influenced by three factors: Agent, Host, and Environment [9] - [11] . The agent of Leptospirosis disease is Leptospira bacteria [12] , [13] . The main hosts are rats and pets such as dogs, cats, and cows [2] , [12] , [13] . The accidental host is human [14] , [15] . In the tropical climatic zone, where environmental conditions are most favorable for survival of Leptospira and the highest morbidity is noted, extreme weather events such as cyclones and floods occurring in recent years with increasing frequency and greater intensity, may potentially result in an upsurge in the disease incidence, as well as the magnitude of leptospirosis outbreaks [16] - [18] .
The high prevalence rate of Leptospirosis in tropical and subtropical climates can be attributed to adverse environmental conditions that allow the environment to be a suitable place to live and develop of Leptospira bacteria [5] , [19] . Our previous study showed mapping and analysis of environmental conditions are needed to determine the picture of environmental factors existed and have a risk for the incidence of Leptospirosis [20] .
The mapping can be done by utilizing Geographic Information System (GIS). Geographic Information System is a special case where database consist of observations on spatially distributed features, activities, or events, which are definable in space as point, lines, or areas [21] , [22] . Remotely sensed imagery is an effective data source for urban environment analysis that is inherently suited to provide information on urban land cover characteristics and their changes over time at various spatial and temporal scales without being in contact with it [23] - [25] .
Both technologies are very useful in the management of spatial information of earth surface condition [26] , [27] . Recently, the use of GIS and spatial representation of various health issues make professionals arrive at conclusions in a faster and better way in the field of both public health and decisionmaking. The use of these systems has a wide impact on the public health and lots of studies are based on them [17, 18] .
Methods
An observational study with the cross-sectional design was used for mapping environmental risk factors and determining the level of Leptospirosis vulnerable zone using remote sensing image in Demak District. Primary data were an environmental risk factor and coordinate location point using GPS. Secondary data were a number of leptospirosis cases and digital SHP map of Demak District in 1:25,000 scale (Administration Border, Land Use, River, Road, Contour, Altitude, Soil Texture, Flood Area, and Rainfall). There were 42 leptospirosis cases.
The data obtained was mapped with the GPS Mobile Topographer with the ArcView program built with Quickbird image. After visual interpretation and screen digitalization to visual identification of environmental risk factors. Spatial modeling analysis of environmental factors and distribution of Leptospirosis cases with overlay process to determine the level of Leptospirosis vulnerable zone.
Results and discussions
The result of this study indicates that more than half of respondents are male by 61.9% or as many as 26 cases. The result is different from the condition of the population in Demak District, where the female population is larger than male. Both men and women are equally at risk to be infected by leptospirosis, but men are at greater risk for Leptospirosis infection due to several things, such as activity and occupation. As of the case in Demak District, the activity of men who will directly clean the environment after flood causes the possibility of exposure to the contaminant environment even larger.
Occupation of the respondents is also at risk to exposure to contaminants or animals infected with Leptospirosis. It can be seen from the result of this research that the characteristic of the occupation of respondents is labor farmer, and scavenger. Farmers are at risk to the rice fields contaminated with Leptospirosis from rat droppings. Construction laborers are at risk to the dirty water contaminated by Leptospira when working, i.e. during stirring of cement. Scavengers are at risk of direct contact with the rat droppings while searching for rubbish in the trash, as rats often roam for food in the trash. Respondents' location to look for rubbish is in Semarang City. Semarang City is one of the endemic areas of Leptospirosis, so there is a high possibility of transmission occurred when looking for rubbish.
Demak District is an area with high rainfall that is 534-3.331 mm/year. More than half of cases occur in areas with high rainfall ≥220 mm/month (64.7%). . The condition of Demak District which is mostly lowland so more than half of its area is used for irrigation rice field. The existence of large river or river irrigation becomes a strong factor of flood during rainy season. A flood occurs due to the overflow of river water. The habit of throwing rubbish in the river make the volume of river shrinks so water will be overflowed when the water debit start to increase. In addition, the result of this study also indicates that the respondents are living in housing with poor sewerage conditions and poor waste disposal facilities. The incidence of Leptospirosis in Demak District in 2014-2015 is increasing during high rainfall (JanuaryFebruary) and still occurred during low rainfall. High rainfall is the cause of flood and resulted in the formation of puddles. The presence of puddles is supported by clay soil type in Demak District, so the water can stagnate longer [3] , [29] . The altitude from sea level is an important variable for Leptospirosis cases spreading. Altitude condition is strongly associated with flood area and the location of permanent water logging [30] , [31] . Mostly (98.9%) Demak District area is lowland, except for half of Mranggen Sub-district and Karangawen Sub-district that has ≥47-100 masl Flooding and heavy rainfall have been associated with an increase of leptospirosis in specific in Albania. The study showed that Leptospirosis is spread in 47% teritory of the country with increase of incidence during the last two years. The most affected areas are the flooded areas of Shkoder, Fier and Lezha and also Berat and Tirana with single cases in other areas. The level of incidence has been increased from 0.1 cases/10 000 in 2005 toward 1.8 -2.5 cases/ 10 000 in 2010 and 2011. Climate change and floods may potentially result in an upsurge in the disease incidence over the last years [20] . Distribution of tidal flood history in Leptospirosis incidence in Demak District shows that flood history minimum once in 2 years occurred in 3 respondents houses (7.1%). Tidal flood and flood are the same events that cause the widespread formation of water puddles that last for a long time. However, from the distribution of cases, there appears to be a difference between the distribution of cases in the area with flood history and the distribution of cases in the area with tidal flood history. In the distribution of cases in the area with flood history, there are a lot of cases occurred in Mangunjiwan Village area, that occurred 7 cases after the flood. As for the area with tidal flood history in Monosari Village, Sayung Subdistrict there are only 2 cases. This is possible because the pH of tidal flood water ranges from 8.3-8.5, whereas pathogenic Leptospira sp survive in moist soil and fresh water for long periods of time, especially when the pH is slightly alkaline [13] , [32] . Rats are the primary reservoir animals in Leptospirosis cases in Demak District. This can be seen from the results of this research showing the presence of rats either inside or outside the house of all respondents. Respondents claimed to have seen rats either inside or outside the house, to have seen rat's traces in the house or rat droppings inside the house.
The renal carrier state of rodents still remains a basic factor for the possible survival and spread of Leptospira sp. The primary source is the excretor rodent, from whose proximal renal tubules Leptospira sp are excreted into the environment with urine. Although they are susceptible to environmental factors, in particular drying, they can survive for long periods in water and wet soil [18] . Respondents with rats in their house have 22.6 times greater risk of Leptospirosis compared to those who do not have rats in their house. And respondents who use vegetables ate by rodents have 4.6 times greater than who don't use vegetables ate by rodents [29] . This can be seen from the results of this research showing the presence of rats either inside or outside the house of all respondents. Respondents claimed to have seen rats either inside or outside the house, to have seen rat's traces in the house or rat droppings inside the house.
The renal carrier state of rodents still remains a basic factor for the possible survival and spread of Leptospira sp. The primary source is the excretor rodent, from whose proximal renal tubules Leptospira sp are excreted into the environment with urine. Although they are susceptible to environmental factors, in particular drying, they can survive for long periods in water and wet soil [18] . Respondents with rats in their house have 22.6 times greater risk of Leptospirosis compared to those who do not have rats in their house. And respondents who use vegetables ate by rodents have 4.6 times greater than who don't use vegetables ate by rodents [29] .
Demak District is 89,743 ha which has 14 subdistricts and 243 villages. All of it is not leptospirosis risk zone. Handling determining and leptospirosis intervention is prioritized at a specific zone that is risk zone.
Making of leptospirosis vulnerable zone be based on leptospirosis vulnerable zone which is determined by environmental parameters that are land use, type of soil, river buffer, rainfall, topography, and vegetation. Scoring and marking of all variables were based on variable influence great or environmental variable toward leptospirosis incident. Basic of scoring and marking are the result of first research and the result of the modification. Final scoring of all environmental parameters procured from a score of environmental parameter mark. Overlay executed after summing the value from each environmental parameters. Dissolve at the end of overlay executed with the aim to agglomerate the final result that has the same value at each environmental parameters so class-wide of leptospirosis vulnerable zone can be calculated.
After scoring, marking and value each environmental parameters, determination of classification leptospirosis vulnerable zone is determined. Spatial classification of leptospirosis vulnerable rate is using Sturgess method as reference. It divides the result of the number of maximal value decrement with the number of minimal value be based on the number of the class wanted. The determination result of scoring, marking, and value can be known that the number f maximum value is 53 and the number of minimal value is 21. Classification of leptospirosis vulnerable zone is divided 3 class which are high-risk zone, risk zone, and low-risk zone. Leptospirosis risk zone in Demak is spread evenly in all of Demak area. It is caused by the area of Demak district which has low plain exploited as rice field. the leptospirosis high-risk zone spreads in all of Demak district area with forming a pattern on the river current because Demak district is the area which has many big rivers, a small river, and irrigation that can cause flood or puddle when the river water overflowing at the moment that raining. Leptospirosis high-risk zone is crowd and dirt housing which has near a location with river and rice field.
